Concept and design of a magnetic linear accelerator to accelerate a 0.1-1.0 gm superconducting solenoid projectile to a velocity exceeding 105 m/s are presented.
I Introduction
Inertial confinement fusion programs currently underway seek to ignite microexplosions by applying various drivers to targets containing deuterium and tritium (D-T). It is generally accepted that to ignite a microexplosion requires over 1 megajoule (MJ) of energy within X~10 ns (1014 W) into a target of volume 10-6 m
The targets should contain about 0.01 g of D-T fuel.
We advance here a concept and a design of a driver which provides a simple match to the target. Ignition is caused by a macroscopic particle (0.1-1,0 g) travelling at hypervelocity (' 106 m/s). We call this method of fusion by the generic name Impact Fusion (IF), and the driver, Magnetic Linear Accelerator (MAGLAC).
Impact of a fast object onto dense matter causes a shock wave accompanied by a rise in pressure and temp.-erature. Achieving controlled fusion through direct impact of a projectile has many advantages. One advantage is the simplicity of ignition. During impact a large amount of momentum is delivered onto the target, without need to convert kinetic energy to momentum. The basic compression is governed by classical hydrodynamics. Fusion target design should then be relatively simple. Simplicity is also gained in reactor vessel design, as it can be maintained at high pressure. Space charge forces, which limit the high intensities required in e-beam or ion-beam drivers are absent, The accelerator and the reactor chamber can be isolated except for a small hole (a few mm) for projectile entry, Thus the shock waves generated by the microexplosion are not expected to perturb alignment of accelerator elements.
Previously methods for accelerating macroscopic pro To prevent evaporation of the projectile, it may be possible to get effective p's of much larger than 107 for iron by either lamination of the projectile or by using ferrite. However there is a penalty in terms of reduced acceleration and simplicity of construction.
Ohmic effects are greatly reduced for a superconducting solenoid projectile; the superconductor traps flux reducing (dB/dt). However, this flux trapping has a finite relaxation time, so if the magnetic field at the projectile has high frequency components, the flux may penetrate and cause losses in the normal fraction of the superconductor and in the inert filler.
(c) Transient Effects: On a more fundamental level, changing magnetic field in the projectile result in high frequency fields which are unavailable for acceleration. We can make some estimates of these frequencies. For ferromagnetic projectiles, the transient problem occurs because the magnetization currents are not built up instantaneously so that a constant V can not be maintained in rapidly changing external field. We estimate the crital frequency for this. The magnetization comes from he negative sign means radial and vertical stability are mutually exclusive. This is a special case of Earnshaw's theorem. Thus magnetic levitation can be stable either radially or vertically, never both at once. The usual choice is to select radial stability and get vertical stability by feedback from a sensor.
IV ACCELERATOR STRUCTURE
By the principle of equivalence, a levitation scheme is an accelerator. But it's not yet useful; the current loop must move with the dipole. No acceleration persists unless we provide a way to accelerate the current loop. If we switch current from loop to loop, we can simulate a loop moving in an arbitrary manner.
For this initial evaluation, we neglect (a) resistance, R, of the loop, (b) reaction from the accelerated object, (c) radiative effects, including "retardation" and (d) mutual inductance between the loops. To avoid having to switch large currents, we drive each loop from a capacitor C, through a diode and a switch. When the switch is turned on, the LC circuit executes 1/2 period of an oscillation before being quenched by the diode.
In a loop turned on at t -to, the current is I = 0, t < to and t > to + X iE results of simulation of this model, we discuss some qualitative features. The dipole tends to line up so as to be sucked into the region of highest field. The opposite case, using Meissner effect, is not considered here.
Then the radial motion will be stable, if and only if the dipole is farther than -a/2 behind the peak current. Then z stability (longitudinal) must come from feedback, i.e. the switching on of the current loops must be synchronized with the dipole motion. We assume that an arbitrary trigger function of position and velocity is possible. As a first order proof-of-principle, a crude model has been simulated by numerically integrating the z equation of motion of a dipole through a section of a hypothetical accelerator. The simulation parameters are given in Table I . The trigger scheme used was as follows: The loop at position zo is turned on when the solenoid position, z, and velocity, v, satisfy z + v * E /ALi = zO. This trigger, which was picked arbitrarily, is such that the extrapolated time when the solenoid will cross the plane of the loop, will be the end of the current cycle for that loop. Acceleration functions A , are shown in Figure 1 . The focussing function, k7m, of the accelerator is shown in Figure 2. For d < 1.0 cm, k/m is always negative, therby providing continuous radial focussing.
V ENGINEERING CONSIDERATIONS
We have not yet studied in detail engineering as-3120 pects of the accelerator elements. The superconducting coils 'night pose formidable engineering tasks, Nb3Sn has been made to small wire dimensions. Construction of coils should not be too difficult. The vacuum chamber is made of tubular ceramic material to prevent eddy current heating and should be strong enough to withstand repeated coil forces. Cryogenic conditions are maintained by compressing helium gas at 4K to flow through the outer region of the coil. Energy storage capacitors are also circular and are to be charged up from generators outside the accelerator structure. The entire assembly is insulated and kept at low temperature. The cross section is expected to be less than 30cm. and is segmented for ease of maintainence. (See Figure 3. ) (12) where pg is the residue gas density, v and A the projectile velocity and cross section, and L the length of the accelerator. If vacuum is worse than 10-6 T, AQ is less than 0.5 J. To maintain superconductivity, the vacuum needs to be improved by at least 3 orders of magnitude well within current state-of-the-art, or a prefabricated heat shield has to be placed in front of the projectile. (See Figure 4. Typical values of the projectile parameters are given in Table II. To obtain various entries for the table, we have used j = 5.1010 A/m2, p = 5l103 Kg/m3, L = 2 103m and T = 10-s. The final kinetic energy delivered is -10 MJ, slightly higher than the needed value. 
